WD 2008/ 013643PCT/ US2007/ 015041 | MPROVED PROCESS FOR
MANUFACTURI NG TI TANI UM DI OXI DE Pl GVENT The
present invention relates to processes for

manuf acturi ng chl ori de-process titani um di oxi de
pignents, and in particular, to processes for wet- or
wedim@neisl i ng crude chl oride-process titanipomosioondisher
" pignents prior to the application of inorganic oxide
and organi c finishing treatnents. Ti t ani um

di oxi de pignents are used in paints, plastics, paper,
and cosnetics where the pignent powders are added to
col or and/or opacify the desired application.

Generally, the ruffle pignents are prepared b
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The resulting oxidation product is a crude_titanium .
di Bipersen inyaetion relatss wiprcpryessigbaeiciuane eiilpridpRsocEHs titanium
oversi-zed particles To render this crude product :
dioxidepigmbite ahdin natisulas tappiesiee e weh oampdiamilling adsdiorides
end uses, typically the crude titani um di oxi de )
process iaeinm dicxideadzmants moionte tieppplicrsonelingrganygirade and organ
wet-.or nedia-mlled in the presence of .a mlling
finisheglireatmgngsuch as zircon sand, for exanple, in the.
- manner of U.S. Patent No. 5,544,817 to Brownbridge et
al Titaniamodiexidef phgreentsoaé fised th paints, plastips, ppey.canid gosmetics where the
i norgani ¢ oxi des, such as Si 02, All203, Zr02 and
-pigméigt pAwdes wamddetl yo aflorandfamipacifyi the ddsireritppplication. fGeaerally, the rutile
treatnents are well known as well. The use of
~ pigmé&dtsisire ipeepared by bxidizieg iaghinteteahios dd inslleadporphtdsclheremibing
chl oride-process titani um di oxi de product (high
oxidAioh pfbdud is i drideSjtaringn diekije pigmientabitaining subistyotia wnognts dfe
efficiency of the nedia-ml|ing step and increasing
overdiZz@ phrticles) Jb petidechis ichide plotihdt Btahie dorfussrassiyiggenp irdng obithese
* the overall manufacturing process.” The limting
varioh®éiid @esPRpiediy e Budd@bnian dostite pligu@at i malk iatoluhkipgsus Surry
" the viscosity of the slurry, in that increasing
whicR{¥IHAvet-Qfr tlciR-EHILAR thopreldhdeQl a piillidg Skdia@r(siRs posifton sand, for
al so to increasing slurry viscosities. Increased - :
exampleUinlte WSSO U5 FatdnfING. 5[924 31 RdBrowbridgt e dl.Naddeasdad modified
energy requirenents for mlling the crude product
with HYYrhridue SordalR xRt sithlas BiOs] AWOATED] AL AR vafi@p bl organic
- and uni form coatings of the inorganic oxides added as
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.. Consequently, various approaches have been suggested
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to the high solids slurry before mlling, to provide
a "highly dispersed, highlﬁ deaggl onerated slurry”
that could then be dense silica-treated w thout
aggl onerating to an extent whereby satisfactory
optical properties could not be realized after fluid
energy mlling. Salt renoval was to be acconplished
by neutralizing and washing the raw oxi di zer




U S. Patent No. 5,501,732 to N edenzu describes the
use of various viscosity reducents during mlling of
a high solids slurry (ranging from30 to 85 percent
solids), such as triethanol am ne, 2-am no-2 net hyl
-1@ anol, trimethylol propane, tetrapotassium
Ef’/\‘ﬁ hate or mxtures thereof: in the COHERI/HPL
makr ng a silanized titanium di oxi de pi gnent
O her references, for exanple, U S. Patent No.
5,622,628 to Trendell et al. and -U. S. Patent No.
4,978,396 to Story, are not concerned as in the
present inventi on with production of a high solids,
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In-a first as ect, there is provided a process for
found {9,058 TBF Tepyting 388 BT A B TR TeE R 1 ﬁﬁ%@ﬂ%ﬂg to

- the steps of : a) preparing an initial aqueous hi gh '
the degied particlp W?Symdm&gcql BOPEIHRSWEIF CRIBPTOmsehaS e iito Kirgpard et al.’s

fromthe oxidation of titaniumtetrachlorjde, a
soluw srp'ehsé pertigliycpresientiallyepeying seiifon Be oxidiversischasassnd adding
hi gh solids slurry conprises at |east 50 percent b
a dlsmﬁa@tﬁp therhighysolids shirpyhefasemilias: tqierovigg a ghighly fhapgrsed;ind
initial aqueous, high solids slurry by adding a
deagglomperhied slrmpLhet copldihende dense silieaireated Withovi agatomersting tgian extent
targeted, |esser solids concentration of the crude
wherglytsatisfantry PriicabRsoPors ceuld netie deatipeicadter fluid premen reillingi et
that is present in said diluted, |esser solids
- remoya) e ot Yecaceamplishad by petenlizing pechweshing Seerra idizergdischaramto
said initial, high solids concentration, and said _
substatitielly spducel thesssBcomsentti Al v osrositt; htﬁirselrﬁSﬁQmW peyesnt) isbiry was
exceed a solids concentration of 61% by wei ght based
- then rgpulpdvewitiewybrtcontainggi adligpeisantautior ledbewedia oiillivg.s| urry;
- ¢c) nmedia-mlling said diluted agqueous, |esser solids -
s [UsS.rRatentio. 156503782 torNjiedeaiuidesenibes theivkd efdariousyyibeosity reducents
titani um di oxi de’ product; and e) finishing said
duringrendliing of 4 highisolids slurey (rinigangi frm. 20 ©)85 percprtodlids), such as
produce a finished titanium di oxi de pi gnent product.
triethatiolangneg 8 eumting-h ety -6 rpropanali tieetyivl propamsytetenotasies s
for making a titani um di oxi de pignent, wherein a) a
pyrophesphate of intksures thereof, inghgoefeat fa?dndrbt;nggaﬂhumdrtganrmt dioxicd mgment.
i ncl udi ng crude titaniumdioxide fromthe oxidation
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then m xing the gathered materials to formthe
PatentNai 14,978,385 tof Steryhirghotsohdet®ed b inrthey/presnt ihesntioh with groduction of a
wWth the addition with m xing of a further anmount of
high sakidsg towavistosily shivey mbmbile formyedid milking, bt ateligdtead concerned with
media-mlled. The nedia-mlled pignment is then suited
produfiog concentrated slurries of surface treated, finished pigments having low viscosities.




bei ng conventionally finished through treatnment wth
i norgani c and/or organic finishing treatnents and
fluid energy milling. Surprisingly, it has been
~found that ‘form ng an aqueous slurry havi-ng a hi gher
concentration of the crude titani um dioxide oxidizer
product and then diluting the slurry to a lesser

ang 1 g. : i
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- enbodi nent of the present invention, reflecting this
Suminisy ofibpeationf producing a slurry to be nedia-mlled
having a certain, high content of the crude titanium
di oti @lfrsp repdetc thetsus Prividedz preeese forypapwfsturipg attianium dioxide
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whi ch are otherwi se prone to aggl oneration, as a '
- corgaitfation efithe @ddictifaoini diovidecwhereip seislnervéde titgniwnbgioxide that is
~inventive process leading into media-mlling and the ‘
pregreh Fesaid qijuted, festea sotiicontraRaitatirphis asleptt 2meFRs (PSS than said

_ init%:éﬁﬁ%t; Ifchg]:ﬁ %géc%gﬁﬁz)ggglg%;? Eli){utga/, Ie}é;s%nslgﬁ%g WZ:}:enatlrlatiog glrllrry does
enhodi I o440 - B LY g
T
les$2f S04 _eguﬁ'gatz) %ﬁﬁtﬁnﬁﬁ$§s§idpﬁﬁ§t§§sa%§e&@,e I&3Fesolids slurry; d)

- viscosity Tor media mlTing as a slurry prepared
rec@idfe&ﬁgt da¥d hedR-hBR8LErge | titgsugoticeidt ribduen. aldnel FihBhing said
enbodi ment, a slurry is fornmed conprising crude
metiptoaitiedinerddeo Xiadeym Watxéde produet @i ppdusantfingshed titdniey dioxide
el evated solids concentration, and water is added to
pigaieniyreduche slurry to a targeted viscosity
corresponding to that viscosjty characterjzing.a ., .
s| uFhsy PESPECINVSNHOR eRFaVEdES FRdIHRIBEduProFTss nﬁlOf Hﬁaq‘é%ﬂ titantum
.mpterials without. a dilutjon step. Even after . . .
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content nmeans that the drying costs per ton o :
siupy BBl ditedad beihr e dddtdorandhauiing df fofuatlercimatint yf water and c)
improved fromthe mlling and finishing operations as
the zeswhinigsurydslihey nedigaiilied anfheva¢ diemiltedthgracnd ndoben srated for
~as wel l. The process of the present invention
concerns inproved processes for nmaking titanium
di oxi de pignents via the well-known chloride process,
wherein a titani umbearing Ore and/or slag feed is
chlorinated in the presence of a reductant such as a
petrol eum coke to produce titaniumtetrachl oride,
unreacted feed and coke as well as undesired
chl orination products (for exanple, waste netal
chlorides fromother netals present in the ore and/or
slag feed) are



separated fromthe desired titaniumtetrachl ori de
chlorination product, then the titaniumtetrachl oride
is oxidized to provide a crude titani um di oxi de
product . ‘Conventionally the crude titanium

di oxi de product is incorporated with a dispersant
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ani c an nic surface treatnents are
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of the titaniumdioxide, to produce ultimately a
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ert ak erein o e finishing of the
mediraa ikd 8fbodifreflCot tHeapresbmt GhvRxiigE r@ﬂétﬁh% ah§ first aspect of
produced by the present invention. e present
pradoviag k isidryits be arediarmididd hvisg padrtairg highrdoyitewi dfithe crude t}tamum
enabling the media mlling of high solids slurries .
diowidetprodgtibetdvith 8 desirtviisssityo thegitial bighsokids! sletey is prepared to a
slurries with a given characteristjc viscosity, E
solabc,c@n@mﬁgthrbth@m afeyret fesirath 9T EEiRH leesst gowﬁfﬁtleﬂ &f the crude
@ res Ctlv(&% As has been nenti oned,
uu?ﬂ@% O¥F BEWFe@YPE obt ai nabl e by neans of the
di scovery that a 60 percent solids slurry nmade from
crude chl ori de-process titani.um di oxi de, a dispersant
and water can be nade to have a | ower viscosity for
being milled in a sand m ||, for exanple, by making
up a slurry that contains in excess of 60 percent
solids, then adding in the requisite anmount of
dilution water with further m xing to achi eve the 60
percent solids content. In |like fashion, a slurry can
be made by the same dilution nethod which has nore
than 60 percent WD 2008/ 013643PCT/ US2007/ 015041
solids, but which has the sane viscosity for
media-mlling as only a 60 percent solids slurry that
is made up directly fromthe crude chlori de-process
titani um di oxi de, a dispersant and water.
Preferably the high solids slurries nmade by the
present invention conprise at |east 50 percent by
wei ght of crude pignent, and nore preferably at | east
about 60 percent by weight of the crude pignent '
solids. Preferably the initial, higher solids slurry
prepared according to the present invention in its.
first aspect is at |east about 2 percent above the
targeted final solids content of the slurry for nedia
mlling, and is diluted accordingly to the targeted
final solids content. Thus, for exanple, where the
slurry to be media-nlled ig desirably 60 percent by
wei ght of crude titanium dioxide, preferably the
initial slurry is prepared to contain at |east about
62 percent of the crude titanium di oxide material.



Tllustrative Exanples Crude titanium di oxi de
pi gnent. obt ai ned fromthe vapor phase oxidation of
titaniumtetrachl ori de and containing 0.8%alumna in
its crystalline lattice was dispersed in water in the
presence of O. 1896by wei ght (based on. pi gnent) of
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to be 906 cP at 21C. A slurry was then prepared

redoytidnhia dawstynetnhbdmade by @3%nsoitivd pracesst kending and nedepmilling
diluted with mixing with additional water to the sane

andsthotdensci silisacostt@npt sughihst BRisplremeeyabstarsaigdiceigd as necessary by

_.viscosity of only, 284 cP at 21C. Simlarly,
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e 1. Sanples made by the direct nethod were

Tn 8 snmbsllifiont, 5e\efyals fhebdsconprisieg drideaityniahatigedsyasater and a
observed in the viscosity, but no change was

dispdyseat wiedfirsT abdveted solids concentration, and water 1s added to dilute the slurcy
to a targeted ViS-cosity correSpdnding -to- that viscosity characterizing a slurrf directly
7 prepared and made up fromr_the same materi;_lls without a dilution step. Even after
dilution, the slurry preparéd and diluted to the targeted viscosity according to the present
invention possesses a hi gher solids content. Those skilled in the art will appreciate that -
this higher solids content mearis that the drying costs per ton of pigment can be reduced
and overall productivity improved from the milling and finishing operations as a whole,
adding significant value in this embodiment ﬁs well.

* The process of the present invention concerns improved processes for making
titantam dioxid_e bigments via the well-known chloride process, wherein a titanium-
bedring ore and/or slag feed is chlorinated in the presence of a reductant such as a
petroleum coke to produce titanium tetrachloridé, unreacted feed and coke as well as

undesired chlorination products (for example, waste metal chlorides from other metals

present in the ore and/or slag feed) are



Pct. Solids, Ending Slurry Direct Method (cP)
Dilution Method (P) 62.6 1060 '

separated from the desired titanium tetrachloride chlorination product, then the titanium
tetrachloride is oxidized to provide a crude titanium dioxide product.

Conventionally the crude titanium dioxide product is incorporated with a
dlspersant into water to form a slurry, and the slurry is wet- or media-milled in the
presence of a grinding medium such as, for example, zircon sand.  Thereafter, inorganic
" and/or orgamc surface treatments are typically employed in various combinations with a

filtering, washing and recovery of the titanium dioxide and with fluid energy
mllhng/mlcromzatmn of the tltamum d10x1de to produce ultlmately a ﬁmshed tltamum
dioxide product which is adapted for a desired end use. Those skilled in the art will be
-well familiar with the materlals devices and process. steps that can be conventmnally‘
employed for taking a media-milled, crude titanium dioxide product through to a finished
titanium dioxide pigment,- and as these subsequeni: steps have no hea_ring on the present :
invention, further descriptioﬁ will not be unEIertékeh herein of the ﬁnishir-l-g of the media-
milled, crude t1tan1um dioxide materials produced by the present inventioh.

The present invention is concerned more particularly with enabling the media
mflling of high solids slurries with reduced viscosities, or of higher solids slurries with a
Igiven characteristic viscosity, according to the aspects and- embodiments mentioned
above, respectively.

As has been mentioneii, these objectives are obtainable by means of the discovery
that a 60 percent solids slurry made from crude chloride-process titanium dioxide, a
dispersant and water can be made to have a lower viscosity for being milled in a sand
mill, for example, by making up a slurry that contains in excess of 60 percent sohds, then
adding in the requisite amount of difution water with further mixing to achieve the 60
percent solids content. In like fashion, a slurry can be made by the same dilution method

which has more than 60 percent
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solids, but which has the same viscosity for media-milling as only a 60 percent solids shurry that
is made up directly from the crude chioride-process titanium diéxide, a disperéant and water.

Preferably the high solids shurries made by the present invention comprise at least 50
percent by weight of crude pigment, and more preferably at least about 60 percent by weight of
the crude pigment solids. Preferably the initial, higher solids shurry prepa:éd according 1o the
present invention in is first aspect is at Jeast about 2 percent above the targeted final solids
content of th;e shurry for media milling, and is dil utec.i accordingly to the taréeted final solids
content, Thus, for example, where_the shary to be media-milled is desirably 60 percent by
weight of crude titanium dioxide, preferably thé initial shury is prepa:re& to contain at least about
62 percent of the crude fitanium dioxide material.

IMustrative Examples

Crude titanium dioxide pigment obtained from the vapor phase oxidation of titanium
tetrachloride and containing 0.8% alumina in its crystalline lattice was dispersed in water in the
presence of 0.18% bj/ weight (based on ﬁigment) of sodium hexametiaphosphate (SHMP)
dispersant, along mth a sufficient amount of sodium hydroxide to adjust the pH of the dispersion
10 9.5 or greater, to achieve an aqueous dispersion with  solids content of 61% by weight. Using
a Brookfield Viscometer (Model DV-1, Spindle #5, 100 tpm), the viscosity of the crude pigment
shurry made with 61% solids was found to be 906 cP at 21°C.

A shurry was then prepared by the same method to 2 63% solids content, and then diluted
with mixing with additional water to the same 61% solids content. This slurry had a measured
viscosity of only 284 ¢P at 21°C.

Similarly, other crude pigment slurries of various solids contents were prepared directly

and then by overconcentration and dilution according to the present invention, and the viscosities
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of each such slurry were measured for comparison. The results are presented in Table 1.
Samples made by the direct method were stirred for several hours to see if any change was

observed in the viscosity, but no change was observed.

Table 1
Pct. Solids, Direct Method Dilution Method
Ending Shury { ~ (cP) (cP)
| 62.6 1060
6 906 284
584 544 132
574 416 7 106
554 280 | 72
544 246 T 60

The results in Table 1 demonsteate that a very significant reduction in the viscosity of an
agueous, crude chloride process titanium dioxide pigment sloery cﬁn be achieved readily and
simply accofding; to the present invention in a first aspect before media mﬂling, vviﬂmut reducing
the solids content and so reducing throughput. The resulis in Table 1 ﬁlﬁ:hﬁ demonstrate that for
an equivalent viscosity going into media milling, according to the second aspect of the present
invention the solids content of the crude pigment slurry can be desirably increased to improve
throughput and productivity, for example, from a solids content of about 55.4% (shown as

having a viscosity of 280 centipoise, for a Sluﬁy prepared by the conventional direct method) to



The results in Table 1 denonstrate that a very
significant reduction in the viscosity of -an agueous,
crude chl oride process timium di oxi de pignent slurry °
can be achieved readily and sinply according to the
present invention in a first aspect before ned
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reduci ng throughput. The results in Table 1 further
denonstrate that for an equivalent viscosity going
into nedia mlling, according to the second aspect of
the present invention the solids content of the crude
pi gment slurry can be desirably i ncreased to inprove
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vi scosity of 280, centi poi se, for a slurry prepared by
“mﬂmﬁﬁgﬂﬁaﬁﬁ%ﬁFWEﬁﬁw )-direct method) to WO
20081013643PCT/ US2007/ 015041 a solids content of
about 61% (measured viscosity of 284 centipoise for a
slurry prepared by the nethod of the present
invention). WHAT IS CLAIMED 1S |.A process for
manuf acturing a titanium di oxi de pignment, conprising
the steps of:



a) preparing an initial aqueous, high solids slurry
that includes crude titanium dioxide fromthe

oxi dation of titaniumtetrachloride, a dispersant and
wat er, wherein said initial aqueous,- high solids
slurry conprises at | east 50 percent by weight of
crude titaniumdioxide; 1) diluting said initia
aqueous, high solids slurry by adding a further

noun f _water thereto, to provide a certain
WHAfégrgle‘%%g@DISésser solids concentration of the crude

titani um di oxi de, wherein said crude titanium di oxi de
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titani um.di oxi de product; and e) finishing said

medi a- Watiradioxdeyde titani um di oxi de product to
produc
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preparation of said initial agueous, high soli .
slurr ythgrﬁ‘@, ‘ioH)éovd q eh(iert&lﬁ t%rﬁeé seé§oild§j% entration of the crude titanium
CFDt: HoUal Xk 1 e e bR B Bt e
solids concentration slurry is at least 2 percent less than said initial, high solids
concentration, ar_1d said diluted, lesser solids concentration slurry does not exceed a
solids concentraﬁon of 61% by _wgight based on the weight of said diluted, lesser -
solid slurry;
c;) media-milling said diluted aqueous, lesser solids slurry;
d) recoyering said media-milled, crude titanium dioxide product; and

e) finishing said media-milled, crude titanium dioxide product to produce a finished

titaniumn dioxide pigment product.

2. A process as defined in Claim 1, wherein the preparation of said initial aqueous, high
solids slurry and the dilution thereof are done continuously, for providing a crude titanium dioxide

slurry continuously to be media-milled.



3. A process as defined in aim1l, wherein the
initial aqueous, high solids slurry conprises at

| east about 60 percent by weight of crude titanium
di oxi de.

3. A process as defined in Claim 1, wherein the initial aqueous, high solids slurry

comprises at [east about 60 percent by weight of crude titanium dioxide.
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